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METHOD AND SYSTEM FOR FACILITATING 
SELECTION OF STORED MEDICAL IMAGES 

BACKGROUND 

For many years, ultrasound images generated during an 
ultrasound exam Were stored on VCR tape and retrieved using 
conventional VCR controls like fast forWard. Because VCR 
tape provides only serial access to stored images, vieWing a 
speci?c image in a recorded exam requires a user to scan 
through all of the prior images in the series, Which is a sloW 
and manual process. VCR storage has largely been replaced 
With digital storage to random access media, such as memory 
or disk. HoWever, digital storage of ultrasound images is not 
as fully utiliZed in existing ultrasound systems as it could be 
because exams are still presented to users as a serial collection 
of images, Which a user must manually scan through to select 
a speci?c image. Selecting an image in this manner is time 
consuming because: 

(1) Images are large ?les that take a relatively long time to 
load from storage media; 

(2) Images are often compressed, and time is required to 
decompress the images; 

(3)V“1sual examination of each image takes time; and 
(4) The operation of advancing to the next image in a series 

requires an action by the user. 
Several methods can be used to facilitate the selection of a 

stored medical image, but each has its oWn disadvantages. For 
example, image load time can be improved by adopting faster 
hardWare, but this increases system cost. Also, the time 
required to advance to a next image in a series can be reduced 
by displaying multiple images of smaller siZe; hoWever, the 
smaller image siZe can interfere With a sonographer’s ability 
to examine each image. 

There is a need, therefore, for an improved method and 
system for facilitating selection of stored medical images. 

SUMMARY 

The present invention is de?ned by the folloWing claims, 
and nothing in this section should be taken as a limitation on 
those claims. 

By Way of introduction, the preferred embodiments 
described beloW provide a method and system for facilitating 
selection of stored medical images. In one preferred embodi 
ment, a plurality of medical images are stored, and, for each 
medical image, the settings of at least one acquisition time 
control used to create the image are also stored. During image 
revieW, a user selects a set of acquisition time control settings, 
and a set of medical images is automatically selected from the 
stored images based on the selected set of acquisition time 
control settings. Other preferred embodiments are provided, 
and each of the preferred embodiments described herein can 
be used alone or in combination With one another. 

The preferred embodiments Will noW be described With 
reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a How chart of a method of a preferred embodi 
ment for facilitating selection of stored medical images. 

FIG. 2 is a block diagram of a medical diagnostic ultra 
sound imaging system of a preferred embodiment. 

FIG. 3 is a block diagram of a netWork environment of a 
preferred embodiment. 
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2 
DETAILED DESCRIPTION OF THE PRESENTLY 

PREFERRED EMBODIMENTS 

By Way of overvieW, the preferred embodiments described 
beloW relate to a method and system for facilitating selection 
of stored medical images. With these preferred embodiments, 
a user can more quickly retrieve a desired medical image from 
a collection of stored images by manipulating the same con 
trols that Were used to acquire the desired image in the ?rst 
place. With reference to the How chart 100 of FIG. 1, in one 
preferred embodiment, medical images generated by a medi 
cal image acquisition device are stored in one or more storage 
devices (act 110). For each of the stored images, the settings 
of at least one acquisition time control used to create the 
image are also stored (act 120). To select a stored image, a 
user selects a set of acquisition time control settings (act 130), 
and based on the selected settings, a set of medical images is 
automatically selected from the stored images (act 140). 

Turning again to the draWings, FIG. 2 is a block diagram of 
a medical diagnostic ultrasound imaging system 200 that Will 
be used to illustrate the operation of the method shoWn in FIG. 
1. While an ultrasound system and ultrasound images are 
used in this illustration, it should be noted that other types of 
medical image acquisition devices and medical images can be 
used With these preferred embodiments. As shoWn in FIG. 2, 
the ultrasound system 200 comprises a transducer probe 205, 
a beamformer 210, a processor 220, a display device 230, a 
storage device 240, and a user interface 250. The term “pro 
cessor” broadly refers to the appropriate hardWare and/or 
softWare components of the ultrasound system 200 that can be 
used to implement the functionality described herein. The 
storage device 240 is suitable for storing digital images and 
can take the form, for example, of a solid-state volatile or 
non-volatile memory device or a permanent or removable 
optical or magnetic disk. The user interface 250 can include, 
for example, physical knobs, buttons, or keys that a user can 
physically manipulate on a control panel; soft buttons dis 
played on the display device 230 that a user can select With a 
pointing device or by touching the displayed button if the 
display device 230 is touch-sensitive; or a microphone 
through Which a user can voice commands. The ultrasound 
system 200 can comprise additional components, Which are 
not shoWn in FIG. 2 for simplicity. For example, the ultra 
sound system 200 can comprise an additional memory device 
(computer-usable media) that stores softWare (computer 
readable program code) run by the processor 220. 

In operation, a sonographer uses the user interface 250 to 
select a set of acquisition time controls settings. As used 
herein, the term “set” refers to a group of one or more, and the 
term “acquisition time control” refers to any control that a 
user manipulates in the process of acquiring a medical image 
to affect hoW the medical image is acquired. Manipulating an 
acquisition time control can affect transmit, receive, and/or 
processing operations. For a medical diagnostic ultrasound 
imaging system, an acquisition time control can be a “major 
mode” key that a user selects to choose the type of ultrasound 
image that Will be generated (e.g., M-mode, B-mode, color 
?oW, or Spectral Doppler (PW)). An acquisition time control 
can also be a How sub-mode With Doppler Tissue Imaging or 
contrast imaging settings. Additionally, an acquisition time 
control can be an individual parameters (e.g., frequency or 
depth) or a “pre-set,” Which is a stored combination of indi 
vidual acquisition time control settings (e.g., speci?c mode, 
frequency, and depth settings) grouped together based on the 
anatomy being imaged (e. g., general radiology, vascular 
examination, cardiology) or the sonographer performing the 
examination (e.g., Dr. Smith, Dr. Robert). 
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During an ultrasound examination, the sonographer con 
tacts the transducer probe 205 With a patient, and the ultra 
sound system 200 acquires an ultrasound image in accor 
dance With the acquisition time control settings. In general, 
the ultrasound system’s processor 220 causes the beam 
former 210 to apply a voltage to the transducer 205 to cause it 
to vibrate and emit an ultrasonic beam into the portion of the 
patient’s body in contact With the transducer 205. Ultrasonic 
energy re?ected from the patient’s body impinges on the 
transducer 205, and the resulting voltages created by the 
transducer 205 are received by the beamformer 210. The 
processor 220 processes the sensed voltages to create an 
ultrasound image and displays the image on the display 
device 230. In addition to being displayed on the display 
device 230, a generated ultrasound image can also be stored in 
digital form. For example, the sonographer can be given the 
option of storing an ultrasound image by pressing an “image 
capture” key on the user interface 250, or, alternatively, the 
ultrasound image can be automatically stored Without user 
intervention. In this Way, a series of images from an ultra 
sound exam can be stored in the storage device 240 in the 
ultrasound system 200 for later revieW. While shoWn as a 
single box in FIG. 2, the storage device 240 can comprise one 
or more individual storage devices (e. g., tWo separate disks). 
Additionally, as Will be described beloW, an ultrasound image 
can be stored in a storage device external to the ultrasound 
system 200. 

In this preferred embodiment, for each stored ultrasound 
image, some or all of the acquisition time control settings 
used to create the image are also stored. As Will be described 
beloW, the stored acquisition time control settings can later be 
used as a selection criteria for selecting a stored image. The 
acquisition time control settings for an image can be stored in 
any suitable manner and can be stored before, during, or after 
the storage of its associated image. The settings can be stored 
along With the image, such as When the settings are stored in 
a Digital Imaging and Communications in Medicine (DI 
COM) tag attached to an image. Alternatively, a separate ?le 
comprising the acquisition time control settings can be stored 
for each stored image. The separate ?le can be stored in the 
same storage device that stores the image or in a different 
storage device. Preferably, a directory is used for a collection 
of stored images (e.g., images from a given exam) to store the 
acquisition time control settings for each image in the collec 
tion. The directory can be stored in the storage device that 
stores the images or can be stored in a separate location. 
Storing acquisition time control settings for multiple images 
in a directory alloWs revieW softWare to more quickly identify 
an image since searching a single directory for the search 
criteria is faster than searching each stored image or ?le 
individually. 

In prior ultrasound systems, to retrieve an image from a 
stored exam, a user selects an “image revieW mode” using the 
user interface, and the processor retrieves all of the images in 
the exam. To ?nd an image of interest, the user manually 
vieWs each of the images. Consider, for example, the situation 
in Which a sonographer captures 50 images of a patient during 
an exam, 45 of Which are B-mode images and ?ve of Which 
are Spectral Doppler images. If the sonographer Were inter 
ested in revieWing the Spectral Doppler images, he Would 
scan though the series of 50 images until he found the ?ve 
Spectral Doppler images. As discussed in the background 
section, this retrieval process can be time consuming and 
tedious for the sonographer. 

To facilitate the selection of a stored image, the ultrasound 
system 200 in this preferred embodiment alloWs a user to 
?lter the stored images using the acquisition time control 
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4 
settings stored With the images. In operation, after the user 
enters the image revieW mode, he manipulates the acquisition 
time controls of the user interface 250 to select a set of 
acquisition time control settings. The number of settings 
selected as search criteria can be the same as, more than, or 
less than the number of setting used to generate the image of 
interest. Based on these settings, a set of the stored medical 
images is automatically selected from the group of stored 
images. With reference to the previous example in Which a 
sonographer is interested in revieWing Spectral Doppler 
images, during image revieW mode, the sonographer Would 
press the Spectral Doppler button. The revieW softWare Would 
search the acquisition time control settings stored for the 
stored images and automatically select the ?ve Spectral Dop 
pler images from the 50 stored images, thereby ?ltering out 
all images that Were not associated With the Spectral Doppler 
setting. By using these preferred embodiments to narroW the 
search to a subset of the stored images, the number of images 
that a user needs to load and visually examine is reduced, 
thereby alloWing the user to more quickly ?nd a desired 
image. 
The results of the automatic selection can be presented to 

the user in any suitable manner. For example, the processor 
220 can present a list of the automatically selected images to 
the user, and the user can select an image for vieWing from 
this list. Instead of presenting a list, the revieW softWare can 
automatically retrieve and display the selected set of images 
(e.g., in a thumbnail format). Additionally, the functionality 
of “next image” and “previous image” operations can be 
adjusted to skip over images that do not match the speci?ed 
acquisition time control settings. 

Regardless of hoW the images are presented, the images 
can be sorted in order of their closeness to the speci?ed 
acquisition time control settings. For example, in an ultra 
sound system utiliZing position sensing, moving a Doppler 
Gate to a speci?c location in one image can order the images 
in the exam so that those With Doppler spectra collected from 
close to the speci?ed Gate location Would be in front of 
images With Doppler spectra collected far from the current 
Gate location. Images can also be sorted based on other 
criteria. For example, clicking on a particular image can 
initialiZe a search/sort criteria to order images by their close 
ness to the selected image. Criteria can then be manually 
turned off in order to Widen the search. As another example, 
the revieW softWare can analyZe the selected set of images to 
determine the similarities/ differences betWeen the images 
and then provide the user With an indication of those similari 
ties/differences to help the user narroW the search. For 
example, consider the situation in Which the revieW softWare 
automatically selects a set often images, ?ve of Which Were 
acquired at one frequency and ?ve of Which Were acquired at 
another frequency. The revieW softWare can automatically 
illuminate the frequency key to inform the user that he can 
narroW the images even further by pressing the button and 
selecting a speci?c frequency. 

There are several alternatives that can be used With these 
preferred embodiments. In the preceding examples, an exact 
match selection scheme Was used in Which only those images 
Whose stored settings exactly matched the selected set of 
acquisition time control settings Were automatically selected. 
Other selection schemes can be used. For example, a selection 
scheme can be used Where those images Whose stored settings 
most closely match (instead of exactly match) the selected set 
of acquisition time control settings are automatically 
selected. Consider, for example, the situation in Which a 
sonographer is looking for a long-axis, Color Doppler vieW of 
the heart. During image revieW, the sonographer selects the 
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Long-Axis Preset and presses the Color Doppler mode key. If 
none of the stored images are stored With both the Long-Axis 
and Color Doppler settings, the revieW software can present 
the closest match (e.g., images stored With either the Long 
Axis setting or the Color Doppler setting). Further, relational 
selection schemes, such as greater than, greater than or equal 
to, less than, less than or equal to, or not equal to, can also be 
used. For example, some acquisition time controls (such as 
depth) can be incremented or decremented, and the direction 
of the change applied by a user can be used to establish the 
relational selection criteria (e. g., increasing the depth control 
?lters out images With depths that are shalloWer than the 
current depth setting, While decreasing the depth control ?l 
ters out images With depths deeper than the current depth 
setting). 
As noted above, the automatic selection of images is 

“based on” the selected set of acquisition time control set 
tings. Any selection that at least in part uses the selected set of 
acquisition time control settings is “based on” that selected 
set. While the acquisition time control settings can be the sole 
search criteria, other information related to and stored along 
With an image can be used along With the acquisition time 
control settings. Such additional information includes, but is 
not limited to, identi?cation of the probe used to generate an 
image, the location of the probe (indicated by a position 
sensing device), the presence or absence of a biopsy needle in 
the image, annotations, and stage timer values. Additionally, 
it should be noted that While the stored images that Were 
searched in the examples described above Were of the same 
patient and generated in the same exam, the stored images 
that are searched can be generated over multiple exams and be 
of different patients. This Would alloW a user to easily access 
images acquired for different patients and/or during different 
exams, but related to the same anatomy, for comparison pur 
poses. 

In the embodiments described above, the selection of 
acquisition time controls during image revieW Was made 
using the user interface 250 of the ultrasound system 200. 
There are several advantages to using the user interface 250 of 
the ultrasound system 200 to enter search criteria: (1) acqui 
sition time controls are very familiar to sonographers, (2) the 
user interface 250 of the ultrasound system 200 is designed so 
that the acquisition time controls are fast and easy to use; and 
(3) many acquisition time controls have strong associations 
With image content, so manipulating them feels like a natural 
Way for sonographers to ?nd images With speci?c content. All 
of these advantages contribute to making this technique of 
facilitating selection of a stored image easy for sonographers 
to adopt With a very short learning curve. 

In another preferred embodiment, instead of using a user 
interface of an ultrasound system, an image revieW station is 
used to select acquisition time control settings for image 
retrieval. This preferred embodiment Will be illustrated in 
conjunction With FIG. 3. FIG. 3 is an illustration of a netWork 
environment 300 comprising an ultrasound system 200, one 
or more image servers 310, and a revieW station 320, all 
connected to a communications netWork 305 (e.g., the Inter 
net, a hospital or clinic intranet, etc .). In this environment 3 00, 
images generated by the ultrasound system 200 can be stored 
either in the storage device 240 of the ultrasound system or in 
the image servers 310. The revieW station 320 is a computer 
Workstation comprising a processor, a display device, and a 
user interface. The revieW station 320 comprises image 
revieW softWare that alloWs a user to retrieve a stored image 
and perform measurements and other actions on that image. 
In this embodiment, the image revieW softWare also com 
prises the functionality to input acquisition time control set 
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6 
tings and to automatically select images based on those set 
tings. For example, the revieW softWare can display a control 
panel With soft buttons mimicking the look of a control panel 
of an ultrasound system. After the user selects the acquisition 
time control settings using this “virtual control panel,” the 
revieW softWare on the revieW station 320 can search the 
stored images for the selected settings. Alternatively, a user 
can use the revieW station 320 to type or otherWise enter the 
acquisition time control settings into a search engine. 

It should be noted that each of the acts in the method shoWn 
in FIG. 1 can be performed by executing computer-readable 
program code stored on computer-usable media (e. g., one or 
more memories or disk drives). Further, the computer-read 
able program code can be located in any suitable location in 
the netWork environment 300. For example, the computer 
readable program code implementing the functionality of 
automatically selecting a set of medical images based on 
acquisition time control settings can be stored in computer 
usable media in the ultrasound system 200, revieW station 
320, image server 310, or other components (not shoWn) of 
the netWork environment 300. 

With the preferred embodiment described above, a desired 
item is retrieved from a stored collection of items by manipu 
lating the same controls that Would be used to generate the 
item. These preferred embodiments can be applied to a vari 
ety of applications, such as to ultrasound systems With very 
high acquisition rates. Advances in ultrasound technology 
have the potential to produce acquisition rates that far exceed 
the ability of display systems (or sonographers) to process. 
For example, one might imagine acquiring a data set that 
could be reconstructed to produce a strip-type display 
(M-mode or Doppler) from any point in the ?eld of vieW. 
Since this amount of information cannot be vieWed in real 
time, such a data set Would have to be revieWed after the fact. 
A very natural Way for the sonographer to specify the location 
of interest for after-the-fact reconstruction Would be to move 
a Cursor or Gate control to that location. The concept of using 
acquisition time controls for quick access to acquired data 
during revieW at a later time is also useful outside of medical 
imaging context. Consider, for example, a set-top box (e.g., 
TiVo) that records many shoWs from many channels. Cur 
rently, one selects a particular shoW by scrolling through a list 
of recorded programs. Applying these preferred embodi 
ments to this scenario, a user Would select a channel and/or 
recording time using the standard buttons on his remote (the 
acquisition time control) to get a shorter list that contains only 
programs recorded from that channel and/or at the speci?ed 
time. 

Finally, as noted above, although ultrasound images Were 
used to illustrate the preferred embodiments, any type of 
medical image can be used. Medical images include still or 
moving images (“clips”) generated from any imaging modal 
ity including, but not limited to, ultrasound, computed tomog 
raphy (CT), magnetic resonance imaging (MRI), computed 
radiography, magnetic resonance, angioscopy, color ?oW 
Doppler, cystoscopy, diaphanography, echocardiography, 
?uoresosin angiography, laparoscopy, magnetic resonance 
angiography, positron emission tomography, single-photon 
emission computed tomography, x-ray angiography, com 
puted tomography, nuclear medicine, biomagnetic imaging, 
culposcopy, duplex Doppler, digital microscopy, endoscopy, 
fundoscopy, laser surface scan, magnetic resonance spectros 
copy, radiographic imaging, thermography, and radio ?uros 
copy. The folloWing claims should not be limited to a speci?c 
type of medial image unless explicitly recited therein. 

It is intended that the foregoing detailed description be 
understood as an illustration of selected forms that the inven 
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tion can take and not as a de?nition of the invention. It is only 
the following claims, including all equivalents, that are 
intended to de?ne the scope of this invention. 
What is claimed is: 
1. A method for facilitating selection of stored medical 

images, the method comprising: 
(a) storing a plurality of medical images, Wherein the plu 

rality of medical images are acquired by a medical 
image acquisition device; 

(b) for each medical image, storing settings of at least one 
acquisition time control of the medical image acquisi 
tion device used to acquire the image, Wherein an acqui 
sition time control of the medical image acquisition 
device comprises a control that is manipulated in a pro 
cess of acquiring the image to affect hoW the image is 
acquired, Wherein manipulating the acquisition time 
control affects one or more of transmit, receive, and 
processing operations; 

(c) receiving a set of acquisition time control settings used 
to acquire at least one medical image that a user Wants to 
retrieve from the stored plurality of medical images, 
Wherein the set of acquisition time control settings are 
selected by the user by manipulating the same at least 
one acquisition time control of the medical image acqui 
sition device that Was manipulated in the process of 
acquiring the at least one medical image, and Wherein 
the received set of acquisition time control settings are at 
least some of the same settings used to acquire the at 
least one medical image; and 

(d) based on the set of acquisition time control settings 
received in (c), automatically selecting a set of medical 
images from the stored plurality of medical images. 

2. The method of claim 1, Wherein (a) comprises storing the 
plurality of medical images in the medical image acquisition 
device. 

3. The method of claim 1, Wherein (a) comprises storing the 
plurality of medical images in a server in communication With 
the medical image acquisition device. 

4. The method of claim 1, Wherein (b) comprises storing 
the settings in a tag along With the image. 

5. The method of claim 1, Wherein (b) comprises storing 
the settings in a ?le separate from the image. 

6. The method of claim 1, Wherein (b) comprises storing 
the settings in a directory. 

7. The method of claim 1, Wherein (d) comprises compar 
ing the settings stored in (b) With the set of acquisition time 
control settings received in (c). 

8. The method of claim 1, Wherein (d) comprises automati 
cally selecting a set of medical images Whose stored settings 
exactly match the set of acquisition time control settings 
received in (c). 

9. The method of claim 1, Wherein (d) comprises automati 
cally selecting a set of medical images Whose stored settings 
most closely match the set of acquisition time control settings 
received in (c). 

10. The method of claim 1 Wherein (d) comprises automati 
cally selecting a set of medical images using relational selec 
tion criteria. 

11. The method of claim 1 further comprising: (e) provid 
ing a list of the set of medical images automatically selected 
in (d). 
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12. The method of claim 1 further comprising: (e) display 

ing the set of medical images automatically selected in (d). 
13. The method of claim 1 further comprising: (e) in 

response to one of a next or previous image command, dis 
playing an image from the set of medical images automati 
cally selected in (d). 

14. The method of claim 1 further comprising: (e) sorting 
the set of medical images automatically selected in (d). 

15. The method of claim 1, Wherein the plurality of medical 
images comprises ultrasound images. 

16. A medical image acquisition device comprising: 
a user interface comprising a plurality of acquisition time 

controls, Wherein an acquisition time control comprises 
a control that is manipulated in a process of acquiring a 
medical image to affect hoW the image is acquired, 
Wherein manipulating at least one acquisition time con 
trol affects one or more of transmit, receive, and pro 
cessing operations of the medical image acquisition 
device; 

at least one storage device storing a plurality of medical 
images and, for each medical image, settings of at least 
one acquisition time control of the medical image acqui 
sition device used to acquire the image; and 

computer-usable media storing computer-readable pro 
gram code for automatically selecting a set of medical 
images from the stored plurality of medical images 
based on a set of acquisition time control settings used to 
acquire at least one medical image that a user Wants to 
retrieve from the stored plurality of medical images, 
Wherein the set of acquisition time control settings are 
selected by the user by manipulating the same at least 
one acquisition time control of the user interface that 
Was manipulated in the process of acquiring the at least 
one medical image, and Wherein the selected set of 
acquisition time control settings are at least some of the 
same settings used to acquire the at least one medical 
image. 

17. The medical image acquisition device of claim 16, 
Wherein the plurality of medical images comprises ultrasound 
images. 

18. The medical image acquisition device of claim 16, 
Wherein the computer-usable media further stores computer 
readable program code for providing a list of the automati 
cally selected set of medical images. 

19. The medical image acquisition device of claim 16, 
Wherein the computer-usable media further stores computer 
readable program code for displaying the automatically 
selected set of medical images. 

20. The medical image acquisition device of claim 16, 
Wherein the computer-usable media further stores computer 
readable program code for displaying an image from the 
automatically selected set of medical images in response to 
one of a next or previous image command. 

21. The medical image acquisition device of claim 16, 
Wherein the computer-usable media further stores computer 
readable program code for sorting the automatically selected 
set of medical images. 


